standing for 2 hr. at 00, the crystalline material was recovered by filtration, recrystallized from aqueous ethanol and dried in vacuo over P205. Yield was 3-5 g. This material was chromatographically pure and on analysis gave data identical with that previously reported (Rosenberg & Ennor, 1959) .
DISCUSSION
Evidence for the presence of serine and ethanolamine in SEP isolated from earthworms was presented previously (Rosenberg & Ennor, 1959) .
The present isolation of SEP in amounts sufficient to permit crystallization and chemical and physical analysis has also permitted comparison with D-SEP obtained by synthetic routes involving the use of D-serine. The results leave no doubt about the structure of the isolated material and provide proof of the presence of serine with the Dconfiguration in the molecule.
The yield of SEP (300 mg. from 9-6 kg. of earthworms), although small, is nevertheless believed to represent the bulk of that present in the starting material, for no loss of ninhydrin-reacting components containing SEP was detected throughout the fractionation procedures. The yield corresponds to 3-1 mg./100 g. and contrasts with the minimal content of 50 mg./100 g. reported by Roberts & Lowe (1954) in river-turtle tissue.
It has been suggested that SEP may be the precursor of lombricine (Ennor & Morrison, 1958; Rosenberg & Ennor, 1959) , and the present results indicating the presence of D-serine in SEP (also present in lombricine are consistent with this hypothesis.
The procedure developed for the isolation of SEP has yielded lombricine as a 'by-product' in amounts (1 -g./kg.) appreciably larger than those reported earlier and represents almost a complete recovery of this compound from earthworm tissue. SUMMARY 1. Serine ethanolamine phosphodiester has been isolated from earthworm tissue in amounts sufficient to permit positive chemical and physical identification.
2. The serine moiety of serine ethanolamine phosphodiester has been shown to possess the Dconfiguration.
3. The presence of D-serine in the compound is consistent with the thesis that serine ethanolamine phosphodiester is the precursor of lombricine. 4 . A simple and improved method for the isolation of lombricine is described. Indolyl-3-pyruvic acid is a very unstable substance and with the usual methods and solvents cannot be detected in chromatograms, either because it is completely destroyed (Jepson, 1958a; Bentley, Farrar, Housley, Smith & Taylor, 1956; Kaper & Veldstra, 1958) or because the solvents used do not separate it from its decomposition products.
With the method of 'double chromatography' (in which the same solvent is used in succession in two directions: Schwarz & Bitancourt, 1957 a) we have shown that in chromatograms of indolyl-3-pyruvic acid two rows of spots of decomposition products are formed, in the second development, originating from two spots that had been separated in the first development. Both rows reproduce the row of spots of the first development, including the two original spots. We have considered this as evidence of the keto-enol equilibrium of indolyl-3-pyruvic acid existing in the solution, which is broken during chromatography when the two tautomers are separated (Schwarz & Bitancourt, 1957b) . In the present paper it is shown that, with due precautions against oxidation during chromatographic operations, two forms of indolyl-3-pyruvic acid can be demonstrated in chromatograms, as evidenced by the order of appearance of products in solutions of indolyl-3-pyruvic acid decomposed by several means (including changes in pH) and by the colour reactions of the two spots with seven different reagents for the indol, enol and keto groups. EXPERIMENTAL
The sample of indolyl-3-pyruvic acid was a gift from Dr G. F. Smith (Department of Chemistry, University of Manchester). In the course of our studies it behaved exactly the same as the sample used in previous papers (Schwarz & Bitancourt. 1957a, b) . As explained in those papers this sample was synthesized by Dr A. Ek and, according to the label on the flask received from Dr K .V.
Thimann, it is the enol form, with m.p. 211-213°. A 1 % (w/v) stock solution in ethanol was used either directly for the preparation of chromatograms or for preparing more or less diluted aqueous solutions that were decomposed by ageing, heating, u.v. radiation or the pH effect given by sodium bicarbonate. Sodium bicarbonate was dissolved in water that had been boiled for 5 min. and 05-10 ml. of the 0-1M solution was added to 1 ml. of ethanolic 0 05M-indolyl-3-pyruvic acid solution. The stock solution was maintained at -150; it stayed colourless for at least 5 days, then turned reddish.
Samples of decomposing solutions were drawn at regular intervals so as to have different degrees of decomposition. To avoid decomposition during chromatography, chromatograms were short (10 cm.), which reduced the operation to a duration of about 1 hr. when the solvent was water. As a further precaution against decomposition during chromatography some chromatograms were developed at low temperature in a refrigerator Chromatograms were inspected under long-wave (366 m,u) ultraviolet light (Mineralight lamp SL 3660) and the outline of fluorescent spots was traced with a lead pencil. The outline of non-fluorescent spots which absorb short-wave ultraviolet light and quench the blue fluorescence of the filter paper was traced with a Mineralight SL 2537 lamp (254 m,u) .
The following reagents were applied to the chromatogram by spraying, or by application to the chromatogram on a strip offilter paper thoroughly wetted with the reagent, or the spot was cut out from the chromatogram and dipped in the reagent. All of them give sensitive colour reactions with indolyl-3-pyruvic acid but some of them gave better results when applied to the chromatogram while it was still wet, instead of to the dried chromatogram, as is usual.
Gordon-Weber reagent for the indole nucleus (Gordon & Weber, 1951) : 0-27 g. of FeCl3 in 100 ml. of 10 % perchloric acid. Ehrlich's reagent for the indole and phenol nuclei : 2 g. of p-dimethylaminobenzaldehyde, 20 ml. of conc. HCI and 80 ml. of ethanol. 2:6-Dichlorophenolindophenol enol reagent (Stowe, 1955) : 2 g. of 2:6-dichlorophenolindophenol in 250 ml. of ethanol and 250 ml. of water. Ferric chloride, used for the quantitative determination of the enol form of acetoacetic ester (Rothe, 1912) , was approx. 5 % aqueous solution. 2:4-Dinitrophenylhydrazine carbonyl reagent : saturated solution in 2N-HC1. Van Eck's carbonyl reagent (Linskens, 1955; Melchior, 1957) : 5 g. of benzidine, 100 ml. of acetic acid. Ammoniacal AgNO3, used for detection of indolyl-3-pyruvic acid (Bentley et al. 1956 ), enol reagent (Jepson, 1958b) , 11 g. of AgNO3, 33 ml. of conc. aq. NH3
soln., 67 ml. of water.
RESULTS
All the following results were confirmed by several repeated experiments.
When the above-mentioned precautions were taken to prevent decomposition during chromatography, fresh solutions of indolyl-3-pyruvic acid chromatographed with water as the solvent in an atmosphere of acetic acid vapour, showed one spot only (spot 2, Fig. 1 ). This spot has a distinct purplish-blue fluorescence and a faint 'beard' of bluish fluorescence. The upper end of the beard usually exhibits a slightly increased fluorescence and occasionally forms a faint spot (spot 4, Fig. 1 ).
In all the other solvents spot 2 was always accompanied with several spots of decomposition products.
Aerated solutions of indolyl-3-pyruvic acid in sodium bicarbonate decompose rather rapidly, as shown by the quick darkening of the solution. When sodium bicarbonate is dissolved in boiled, air-free water before mixing with the indolyl-3-pyruvic acid solution, darkening is very much delayed and starts at the free surface of the solution, gradually extending to the bottom of the tube. This is especially noticeable when the tube is long and narrow.
In chromatograms prepared in an atmosphere of nitrogen at different time intervals (Fig. 1) , from samples drawn from the bottom of the tube, such solutions showed, besides spot 2, spots 3, 4 and 5. Spots 4 and 5 have a bluish and faint-yellowish fluorescence respectively, and spot 3 quenches the blue fluorescence of the filter paper and appears as a dark spot when viewed under short-wave ultraviolet light. In chromatograms of alkaline solutions of indolyl-3-pyruvic acid the maximum relative intensity of spot 2 is obtained when 1 equivalent of sodium bicarbonate is added, that of spot 4 when 2 equivalents are added to the solution. The fluorescence of spot 2 decreases markedly at first and then remains constant until the end of the experiment (30 min.). Spots 3 and 5 attain maximum intensity within 1 min. and maintain it until almost the end of the experiment. Spot 4 increases until 7 min. and begins to disappear after 30 min.
When air is not excluded from the tank, an additional spot (spot 7, Fig. 2 ) appears after 30 min. Spot 2 decreases continuously up to the end of the experiment and spot 4, after reaching its maximum, decreases rapidly and practically disappears in 30 min. Spot 5 and the fluorescent tail that bridges all the spots are much more conspicuous.
When the chromatograrn is developed a second time with the same solvent in a perpendicular direction ('double chromatograms': Schwarz & Bitancourt, 1957a) , the same sequence of spots is seen, starting from the sites occupied by spots 2 and 4 in the first development, except that spot 3 is not found in the sequence of spot 4 (Fig. 2B) .
In chromatograms run with water, only spots 2 and 4 react with all the reagents, both spots responding with the same colorations. Some of these reactions, however, especially those for the enol and for the ketone groups, differ in reaction time and in intensity (Table 1) . Whereas the differences are quite conspicuous with some of the reagents when they are applied to the dry chromatograms, in other cases the reagent must be applied while the chromatogram is still wet and as soon as possible after chromatography. With dinitrophenylhydrazine a marked difference in the intensity of reaction of spots 2 and 4 was observed only when the spots were cut from the wet chromatograms and dipped in 2 ml. of the reagent. After 5 min. at 300, the solution in the tube containing spot 2 was only slightly more yellow than the reagent itself, whereas the colour was brown in spot 4. Both colorations were considerably darker after 1 hr. but kept the same relative intensity. The hydrazones in this reaction, after extraction with ethyl acetate and treatment with a solution of sodium hydroxide, imparted a slight reddish coloration to the aqueous phase with spot 2 and a dark wine colour with spot 4. Whereas spot 3 also gives a strong reaction with dinitrophenylhydrazine, it does not colour the sodium hydroxide solution as would an acid hydrazone (Friedemann & Haugen, 1943) .
With dichlorophenolindophenol, which colours the whole filter paper blue or purple, spot 2 decolours it immediately and appears as a white spot. Spot 4 begins to decolour later and takes a few minutes for bleaching. Van Eck's reagent gives a yellow colour immediately with spot 4 and a delayed one with spot 2. Ehrlich's reagent for the indole and phenol nuclei, which gives specific Table 1 . RF value8 and colour reaction8 of chromatographic 8pot8 2 and 4 (Fig. 1 (Friedemann & Haugen, 1943 
DISCUSSION
Since spot 2 is the only one to appear in chromatograms of fresh solutions, it is undoubtedly a spot of indolylpyruvic acid. This is confirmed by its response to seven different reagents for this substance. After spot 2, spot 4 is the first one to appear in chromatograms of recently prepared solutions. It practically duplicates the properties of spot 2, giving the same colour reactions. In double chromatograms of decomposed indolyl-3-pyruvic acid solutions (Fig. 2) , spot 2 as well as spot 4, produced in the first run, give rise, in the second direction, to rows of spots duplicating the sequence of the first run. It seems obvious that spot 2 and spot 4 represent two forms of indolyl-3-pyruvic acid.
As a keto acid, indolyl-3-pyruvic acid may be present in solutions as: (i) ionized and undissociated forms (Bitancourt & Nogueira, 1959) ; (ii) enol and keto forms; (iii) Ci8 and tranr stereoisomers of the enol form. The possibility that spots 2 and 4 might be the same form in two different states of dissociation seems to be eliminated by the fact that whereas both spots are present in acidic solvents in chromatograms prepared from more or less decomposed solutions, only spot 2 is present in fresh solutions in the same solvent.
Since the sample of indolyl-3-pyruvic acid used in these experiments is the result of chemical synthesis, it may contain the cis or the trans isomers of the enol form, or both. The fact that there is only one spot of indolyl-3-pyruvic acid in chromatograms from fresh solutions shows either that one of the isomers is present only in very small amounts and is undetectable with our methods, or that it cannot be separated from the other isomer. In either case, spot 4 could not possibly be the cis or the trans isomer. It should also be noted that conversion from the C68 into the tram form, or vice versa, can only be made through the opening of the double bond followed by its re-establishment. In other words, there should be at least partial conversion into the keto form and reconversion into the enol form after rotation of the distal end of the side chain. Finally the newly formed stereoisomer should be reconverted into the keto form to give the reactions of spot 4. No evidence of such a succession of conversions appears in our chromatograms.
Several workers have studied the enol-keto equilibrium of indolyl-3-pyruvic acid. Stowe (1955) states that pure indolyl-3-pyruvic acid crystallizes in the enol form and in solution tautomerizes within 20 min. at pH 8-0 and 250 largely to the keto form. Kaper & Veldstra (1958) observed the gradual change of the spectrum of indolyl-3-pyruvic acid in neutral medium and suggested that it was caused by tautomerization of the enol form. As the result of careful u.v.-spectroscopic studies, G. F. Smith (personal communication) has found that 'indolyl-3-pyruvic acid, which in aqueous solution exists almost entirely in the enol form, is converted into P-indolyl-CH2 CO CO O on being treated with one equivalent of alkali in the absence of oxygen. If oxygen is not excluded, auto-oxidation occurs. The anaerobic action of the alkali presumablyfirstproduces f-indolyl-CH:C(OH) * CO -O-, which is energetically not favoured, and immediately tautomerizes to the keto form. ' We have found no mention in the literature of the separation of enol-keto tautomers by paper chromatography, but such a separation is to be expected if the tautomers have sufficiently different RP values and if the reconversion of the two forms, resulting from the re-establishment of equilibrium, proceeds at a slower pace than chromatography. As may be seen in Fig. 1 , in the short time that elapses between the addition of sodium bicarbonate to the solution of indolyl-3-pyruvic acid and the preparation of the chromatogram (approx. 1 min.), the substances of spots 3-5 are formed at the expense of spot 2, as indicated by the immediate decrease of its intensity. From then on, during 20 min., little change is observed in the intensity of the spots. This, and the fact that the chromatogram prepared from a fresh solution (on the left of Fig. 1 (Knorr, Rothe & Averbeck, 1911 ) produce a decrease of spot 2 and an increase of spot 4. The almost immediate decrease of spot 2 as a result of alkalinization would result both from tautomerization yielding spot 4 and from decomposition yielding spots 3 and 5. The tail of spot 4 indicates the continuance of tautomerization during chromatography. Spot 4 attains its maximum between 7 and 15 min., obviously at the expense of spot 2. As mentioned above, Stowe (1955) observed the conversion of the enol form into the keto form in 20 min. The fact that spot 4 decreases later and is greatly reduced after 30 min. whereas spot 2 stays the same may be due to spot 4 being more readily oxidized than spot 2.
Propan-2-ol-aq. ammonia soln., an alkaline, slow and aggressive solvent, gives in chromatograms of freshly prepared solutions, developed during 3 hr. at room temperature, one spot only of indolyl-3-pyruvic acid (R. 0 45) as evidenced by six colour reactions. In chromatograms developed with propan-2-ol during 15 hr. indolyl-3-pyruvic acid is completely destroyed (Jepson, 1958a, b) .
The question of which of spots 2 and 4 is the enolic form of indolyl-3-pyruvic acid is of interest. The difference in the colour reactions of these two spots support the conclusion that spot 2 is the enol form and spot 4 the keto form of indolyl-3-pyruvic acid. Both spots give the five reactions for enol and for ketone reagents but in one way or another the enol reactions are stronger with spot 2 and the ketone reactions with spot 4 (Table 1 ). The reaction is slow for spot 4 with dichlorophenolindophenol, a reagent for the enol form (Stowe, 1955; Linskens, 1955) , and the same is true for spot 2 with Van Eck's reagent, specific for the carbonyl group (Linskens, 1955; Melchior, 1957) .
Spot 2 responds to Ehrlich's reagent with a yellow colour, changing to green, whereas spot 4 gives a greenish colour, later turning yellowish. It would seem that tautomerization proceeds in spots 2 and 4 during the drying of the filter paper. This may also explain the fact that, with some reagents, differences between spot 2 and 4 are much sharper when the reagent is applied to the chromatogram when it is still wet. The enol reagents ferric chloride and silver nitrate give a much paler reaction with spot 4 when the chromatogram is still wet whereas the reaction is strong with spot 2 whether the chromatogram is wet or dry. Ferric chloride also gives a colour reaction with other indole derivatives but in that case the reaction is much slower than with enolic compounds.
In previous papers it was concluded from spectroscopic considerations (Schwarz, 1957) and from the strong reaction of spot 2 with dinitrophenylhydrazine on the dry chromatogram, in contrast with the faint reaction of spot 4, that spot 2 corresponded to the keto form and spot 4 to the enol form of indolyl-3-pyruvic acid (Schwarz & Bitancourt, 1957b) . The evidence shown here, however, points to the opposite conclusion. We have since ascertained that the difference in reaction was mainly due to the very small amounts of the substance of spot 4 produced in our early chromatographic experiments. Furthermore, we have obtained, with dinitrophenylhydrazine, a faint reaction with spot 2 and a strong one with spot 4 by dipping the spots, cut from the chromatograms, in the reagent instead of applying it to the dry chromatogram.
Since spot 2 is the first to appear in chromatograms of freshly prepared solutions the evidence from the colour reactions is that the sample of crystalline indolyl-3-pyruvic acid received from Dr Smith is in the enolic form. In this connexion it is noteworthy that in a recent experiment Dr Smith (personal communication) has obtained an u.v. spectrum corresponding to pure enol from his crystals of indolyl-3-pyruvic acid dissolved in anhydrous peroxide-free dioxan. The preparation proved to be rather stable since E at 328 mi did not change at all after the first reading, made within 10 sec. of dissolution. Dr Smith thinks this is a reasonable indication that indolyl-3-pyruvic acid must have been in the enol form in the crystalline state.
As mentioned above, Stowe (1955) states that indolyl-3-pyruvic acid crystallizes in the enol form and, from spectrographic studies, Kaper & Veldstra (1958) arrived at the same conclusion. Hydroxyphenylpyruvic acid and phenylpyruvic acid show an analogous behaviour, that is, crystalline acid represents the enol and tautomerizes in aqueous solutions (Knox & Pitt, 1957) . SUMMARY 1. A freshly prepared solution of indolyl-3-pyruvic acid treated with one equivalent of sodium bicarbonate soon begins to decompose. Paper chromatograms of samples drawn at regular intervals show the fading of the original spot (spot 2) and a corresponding appearance of three other spots (3, 4 and 5). The most conspicuous of these, spot 4, first increases and, after 20 min., decreases and fades out.
2. Good separation of spots 2 and 4 is achieved only when precautions are taken against decomposition during chromatography. With a slow solvent like propan-2-ol, in alkaline medium, a number of decomposition products crowd the chromatogram and only a single spot with the characters of spots 2 and 4 can be identified.
3. Colour tests for indolyl-3-pyruvic acid (Gordon-Weber reagent, Ehrlich's reagent, dichlorophenolindophenol, ferric chloride, ammoniacal silver nitrate, dinitrophenylhydrazine and Van Eck's reagent) applied to chromatograms show that only spots 2 and 4 respond to all of them, suggesting that spots 2 and 4 represent two forms of indolyl-3-pyruvic acid. 4. The relative intensity of spots 2 and 4 was shown to depend on pH, temperature, ageing and quality of solvent, i.e. factors influencing tautomerization.
5. It is therefore suggested that spots 2 and 4 correspond to the enol and keto tautomers of indolyl-3-pyruvic acid respectively, and that the tail in between is due to tautomerization during chromatography.
